Complete document available on OLIS in its original format This document and any map included herein are without prejudice to the status of or sovereignty over any territory, to the delimitation of international frontiers and boundaries and to the name of any territory, city or area.
TABLE OF CONTENTS
First-difference panel data estimates of population and housing units -period 1968-2011 . 16 Table 2 . 
EXECUTIVE SUMMARY
Among the broad range of land-use regulatory instruments, environmental zoning has the particularity to serve various purposes, such as achieving the conservation of natural areas, protecting the associated ecosystem services and contributing to the conservation of cultural heritage. In 2014, the World Database for Protected Areas included more than 200,000 sites covering over 32 million km² of land and marine areas.
Although the literature has highlighted the potential side-effects of land-use regulations on housing markets, little attention has been paid to the specific case of environmental zoning instruments. This study provides an empirical analysis of a number of such possible side-effects, focusing on the case of Natural Regional Parks (NRPs) in France. NRPs represent the main environmental zoning instrument, in terms of the size of the affected area, used in France. The very first NRP was established in the late 1960s.
The analysis uses a quasi-experimental empirical approach (difference-in-differences) to evaluate the effects of NRPs on urban development at the municipality level. Three potential side-effects of NRPs on urban development in the regulated area are investigated. First, the long-term effects of environmental zoning on housing and population flows are analysed using French National Census data. Second, annual data on building permits granted in the period (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) are used to estimate the short-terms effects of NRPs on housing supply. Finally, the authors evaluate the effects of NRPs on land-use in the regulated area using high-resolution geospatial data from the Corine Land Cover database.
The results of the empirical analysis reveal that NRPs have had heterogeneous effects on urban development in regulated areas. Compared to development in neighbouring areas, some NRPs have discouraged urban development in the regulated area, while others have favoured it. In most cases, however, the policy had no significant effect on urban development within the regulated area.
The large variation in the estimates can probably be explained by distinct economic mechanisms affecting housing supply and demand. First, the establishment of an NRP naturally entails legal constraints regarding development opportunities. Aiming to protect designated natural areas, NRPs include provisions limiting the extent of urbanisation. The resulting reduction in the land area supplied for development increases the social cost of the provision of housing. Although these provisions may be effective in controlling urban development, they may lead to significant increases in housing prices. On the other hand, NRPs protect natural landscapes and secure the provision of recreational amenities in the long term, having, thus, a positive effect on household demand for residential goods and on touristic dynamics. This increase in demand is likely to increase development. The protection of environmental and recreational amenities by NRPs may also have spill-over effects in terms of increased development in neighbouring, unregulated, areas. The net effect of the establishment of an NRP on urban development in the regulated area depends, thus, on the interaction of these two mechanisms.
The findings of this report highlight the importance of a number of elements of the decision-making process preceding the implementation of environmental zoning. In particular, clear specification of the objectives of the zoning policy, efficient governance and collective arrangements to ensure the resilience of the designated territory, and a legal framework preventing conflicts with other local zoning policies are key for the environmental effectiveness of this regulatory instrument.
INTRODUCTION
Environmental zoning is one of the main instruments used to protect ecologically sensitive areas from urban development and other types of potentially harmful human activity. The International Union for Conservation of Nature (IUCN) classifies protected areas into six broad categories, accounting for their scale, scope and governance.
1 The most stringent regulatory provisions within this classification apply to strict nature reserves (category Ia) where human activity is strictly controlled. The level of stringency of areas classified under other IUCN classes, such as protected areas and landscapes (categories V and VI), is much laxer. In general, in these areas human activities and nature are largely interconnected, but specific environmental measures to ensure the sustainability of the area are implemented.
In 2014, the World Database for Protected Areas 2 counted a total of more than 200,000 protected areas, covering more than 32 million km² of land and marine area. This represented over 15% of world's terrestrial and inland water areas (Juffe-Bignoli et al., 2014) . This coverage was mostly achieved through an exponential growth in the number of protected areas after World War II. Following Chape et al. (2005) , there were less than 10,000 protected sites in 1960 covering an area of less than 2 million km². In 1950, protected areas in Europe consisted of 2,900 sites covering 18,300 km².
3 In 1980, almost 17,000 sites covered 250,000 km². In 2014, protected areas included 96,500 sites covering 1,150,000 km². In Canada, the cumulative area of protected areas was 200,000 km² in 1950 and is more than a million km² in 2011. 4 In most of these protected areas, land-use is, to some extent, controlled. Land development for residential, commercial or industrial purposes may be completely forbidden in nature reserves. Controls are laxer in more flexible protected areas, including designated areas for land development, requirements for environmental impact assessments before development, specific building codes, etc… The definition of environmental zoning used in this study is consistent with the IUCN classification of protected areas. Environmental zoning is defined as a spatially-explicit policy aiming to protect the environment in a given area. This policy may include a number of land-use regulatory instruments to fulfil its objectives. While land-use regulations have been extensively studied, little attention has been paid to environmental zoning in the literature.
Empirical literature advocated already from the late 1970s (Dowall, 1979 ) that environmental regulations, and environmental zoning in particular, can have side-effects on the housing market. Supply and demand analysis, indeed, suggests that environmental zoning may have strong price effects. On the supply side, environmental regulation may limit the area available for development or raise building costs, shifting the supply curve to the left. 6 On the demand side, if the protected area generates a positive amenity to residents, it will shift the demand curve to the right. As a result of the changes in supply and demand, housing price will increase. Braconi (1996) argues that housing supply restrictions based on environmental reasons were to a large extent responsible for the rise of housing prices in the U.S. after the 1960s.
7 Frech and Lafferty (1984) and Parsons (1992) show that regulations to protect coastal areas in California and Maryland respectively, significantly increased property prices. Beaton (1991) shows that the enforcement of pine forest protection in New Jersey increased housing prices. Spalatro and Provencher (2001) also find a significant effect of minimum frontage regulations on lakefront properties in Wisconsin. However, other studies conclude to negative or non-significant effects. For instance, Shilling et al. (1991) find that critical areas designation, coastal zones and wetlands management areas have no impact on supply or demand in a study of the housing market in 37 U.S. States. Guttery (2004) finds that wetland regulations in Louisiana have strong negative effects on housing prices.
Similarly, the impact of environmental zoning on the quantity of housing units depends on the relative shifts of housing supply and demand and the relative elasticity of the two curves (see Exhibit 5 in Kiel, 2005 , for an illustration). Dempsey and Plantinga (2013) evaluate the impact of Urban Growth Boundaries (UGBs) on development containment in 17 cities in Oregon. They find a significant impact of UGBs in only 12 cases and most significant effects being small in magnitude. Focusing on Portland's UGB, Grout et al. (2011) find that it has a significant effect in some areas, but not across the designated area. Overall, authors show that the effects of such policies are highly variable (Netusil, 2005; Sims and Schuetz, 2009; Jaeger et al., 2012) . Shilling et al. (1991) and Netusil (2005) emphasise that the demand effect is ambiguous, because environmental regulations may also lower the development opportunities of existing plots and increase user costs (e.g. increased compliance costs). If such negative effects are larger than the positive amenity effect, it is possible that demand will shift downwards. Netusil (2005) concludes that the mitigated effects of environmental zoning policies depend on the type of environmental zoning, its location and neighbourhood characteristics. Quigley and Swoboda (2007) provide a theoretical analysis of the enforcement of a protected area in general equilibrium. Their analysis provides insights regarding the impacts of environmental zoning on urban development patterns. First, housing rents increase outside the area due to both effects -lower supply and amenities -described above. Development densities are also higher in non-protected areas. The zoning policy may cause additional development on previously undeveloped land, potentially increasing the total developed area in the city. Moreover, the environmental zoning policy has distributional effects, increasing the welfare of homeowners outside the regulated area at the expense of the welfare of current renters. These effects depend on the location of the protected area and are stronger as the protected area gets closer to the city centre. In a spatial context with mobile households, the distributional effects of landuse regulation may indeed be strong, as also suggested by the works of Bento et al. (2006) on several antisprawl policies and Coisnon et al. (2014) on agri-environmental policies. Wu and Plantinga (2003) and Wu (2006) also emphasise the role of amenities provided by a protected area, on the pattern of development and social segregation. 6 The supply effect may be even stronger when the regulation includes mechanisms such as building height restrictions.
7 However, Evans (1996) argued for the opposite in an answer to Braconi.
The importance of local characteristics to understand the effects of land-use and environmental regulations has been highlighted in the literature. In most OECD countries, and more generally in most developed countries, land-use policy is decentralised at least to some degree (Silva and Acheampong, 2015) . There may be national guidelines, but local governments have at least some control over the regulatory toolbox offered to their residents. In a decentralised state, residents may have, through their elected representatives, a strong influence over the stringency and design of land-use regulations. Gyourko et al. (2008) elaborate on the results of an extensive survey on land-use regulations at the community level in the United States. 8 This study shows that there is large variation in the stringency of land-use regulations across the US. Empirical evidence also suggests that environmental zoning may be influenced by homeowners' special interests (Fischel, 1989; Bates and Santerre, 1994) . The strictest environmental zoning (nature reserves and full conservation areas) is less likely to serve strategic goals because they generally follow national guidelines and are selected on the national level, on the basis of the importance of the ecological heritage to safeguard. Yet, most flexible and decentralised categories of protected areas, such as IUCN's categories IV, V and VI, involve high degrees of humannature interactions and a high heterogeneity of stringency in protection measures. These three categories account for two thirds of protected areas worldwide. 10 In OECD countries, they represented 57% of total protected areas in (OECD, 2005 . Despite their importance, they have received little attention in the empirical literature. This paper estimates the effects of protected areas on urban development within regulated areas. The analyses focus on Natural Regional Parks (hereafter NRPs) in France. This environmental zoning regulation was created in the late 1960s in France and has been increasingly used in various settings to protect environmental and cultural heritage. These regional parks now cover 15% of the French territory and represent the main environmental zoning policy (in terms of total area covered) used in France. They fall in category V of IUCN classification, an environmental zoning category widespread in many OECD countries, representing more than half of total protected areas in Korea, Austria, Belgium, Czech Republic, Denmark, France, Germany, Hungary, Iceland, Luxembourg, Portugal, Slovak Republic, and Switzerland (OECD, 2005) .
11 In addition to their spatial extent, NRPs are interesting because they are supported by 12-year contracts between local authorities and the government. 12 They are multi-purpose and multijurisdictional environmental zoning instruments. The paper first analyses the long-term effects on urban development, measured by changes in population and the housing stock. It then investigates short-term effects on housing flows and housing composition. For the latter, it focuses on the impact of NRPs on individual vs. collective housing. To this end, it uses panel data on population, housing stock and building permits at the most disaggregated administrative level in France: the municipality. The paper also investigates the effects of NRPs on urban development at a finer resolution. The results of the analyses reveal that NRPs have heterogeneous effects, which can be related to the heterogeneity of their designs.
The remainder of the paper is organised as follows. Section 2 presents National Regional Parks, their importance and how they are designated. The third section describes the empirical methodology used to estimate the different effects of NRPs on urban development. The fourth section presents the data and the empirical results. The last section concludes and discusses possible implications for the design of environmental zoning policies.
NATURAL REGIONAL PARKS IN FRANCE
NRPs were created in France by governmental decree in 1967. 13 An NRP is a label granted by the national government to a consortium of municipalities who make such a request. Each municipality in the consortium can decide to put under classification its whole territory or just part of it. Classification by the government is granted on the basis of the importance of cultural and natural heritage in the territory, its relevance for tourism and quality of life and the need to protect it. Only territories effectively selected by the government have the right to use the label Natural Regional Park. In addition to justifying the natural and cultural interest of the territory, municipalities also have to propose a clear delimitation of the park, including planned use and objectives for each zoned area within the NRP. The label NRP is granted for 12 years. After this period, the municipalities have to make a new request for classification which is evaluated with respect to the achievement of the objectives stipulated in the previous period. The NRP convention specifies environmental protection objectives and the means and funding to achieve them and is established between the government and the municipalities. The NRP is financed by the municipalities, the government and local authorities.
NRPs are not the only environmental zoning instrument used in France. Instruments can be classified in two broad categories (Perrin-Gaillard and Duron, 2000) . The first category, knowledge zoning, is intended to make the inventory of flora and fauna in designated areas. Areas where this instrument is implemented have no regulatory purpose and are exclusively designated on scientific grounds. These areas provide valuable information to local authorities about the evolution of species richness in their jurisdiction. The second category is related to intervention zoning which has an environmental regulation component. Small areas are identified regarding local nature protection issues and risks. Such areas may be concealed in local land-use planning, in accordance with local policy makers. This designates, at the municipality level, which lots could or could not be developed. On a larger scale, there is planification zoning which establishes large environmental goals over large territories (e.g. river basin schemes, etc.) decided by Regions or on the national level. Local planning tools, such as local intervention zoning, have to comply with these territorial zoning goals. Finally, there is contractual zoning, which is a nonmandatory tool, in which local authorities propose to contract with the government for the protection of a part of their territory. They encompass Natura 2000 sites, which result from the enforcement of the so called "Birds Directive" and "Habitats Directive" voted by the European Commission 14 , and NRPs.
Since 1967, the number of NRPs in France and the area they cover has been steadily increasing (see also Figure 1 ). Not accounting for overseas territories, there are currently 49 NRPs, covering about 7 million hectares (i.e. 15% of the French national territory).
15 Every region in continental France is covered by at least one NRP (Figure 2 ). Currently, 4,100 municipalities out of 36,000 are engaged in an NRP, covering 3.5 million inhabitants. The overall annual funding for NRPs in France is €135 million, an average of € 2.8 million per NRP. This funding is mostly provided by regional and local authorities. Regions and Departments ensure 67% of the NRPs funding, conventioned municipalities 19%, and the national government funds 18%. NRPs are heterogeneous in size. The number of municipalities can range from 3 (Camargue NRP) to 187 (Ballon des Vosges NRP). Areas covered by NRP range from 51,000 hectares (Les Alpilles NRP) to 189,000 hectares (Volcans d'Auvergne NRP). While 11,000 inhabitants live in the Camargue NRP, the Loire-Anjou-Touraine NRP is home to 200,600 inhabitants. In terms of governance, NRPs are locally managed by a syndicate or an association including local authorities and the municipalities covered by the NRP.
Each NRP is different from the other. Its objectives for 12 years are stated in the park's convention. Since 1967, all convention renewal procedures have been successful, with the exception of the Marais Poitevin NRP which has been rebutted, as it did not succeed in achieving objectives related to the protection of wetlands. Created in 1979, the Marais Poitevin NRP was declassified in 1996, and reclassified in 2014.
Each NRP convention stipulates the objectives and action plan during the 12 years of the convention. These action plans cover measures for the protection and promotion of natural and cultural heritage, the development of tourism and the control of urban development. However, NRP conventions, until very recently, provided guidelines with no regulatory power. As noted by Jegouzo (2014) , NRPs were originally designed as mediation tools to develop collective territorial projects. The increase in environmental concerns through the 1970s and 80s ended up with the "Landscape Law"
16 establishing the enforceability of NRPs conventions and their priority over local regulatory zoning in 1993. Nevertheless, the existence of collective regulatory zoning 17 , established by several municipalities, on a perimeter that rarely coincided with NRPs, rendered this opposability problematic. As noted by Jegouzo (ibid.), an NRP convention was legally given priority over local regulatory zoning in the absence of a collective regulatory zoning only. Jegouzo (ibid.) notes that this point and the unclear delimitations of the enforceability of NRPs conventions created legal holes which limited the scope of NRPs as instruments to restrain urban development and organise land-use. The legislator, aware of those issues, modified the law in 2014. The 2014 "ALUR Law" 18 stipulated that collective regulatory zoning had to account for NRPs conventions, even if their perimeters where not coinciding.
Hence, and despite their original ambition, the potential impact of NRPs on urban development is ambiguous. Their lack of clear legal power may well have limited their effect on urban development. However, as mediation tools, they may also have reached some degree of restraint. Also, being locally 15 Refer to Appendix C for a historical overview of NRPs creation in France. 16 Law 93-24 of January 8 th 1993 on protection and valuation of landscapes.
decided, NRPs may well be very heterogeneous in both their scope and ambition. 19 The following section describes the methodology used to estimate the impacts of NRPs on urban development. 
EMPIRICAL FRAMEWORK
To evaluate the effects of NRPs on urban development, the study uses a difference-in-differences method (for reviews see Dias, 2002 and 2009; Ravaillon, 2007; Todd, 2007) . The aim is to uncover the causal effects of NRPs on the housing stock. A major issue here is that NRPs have not been randomly assigned to municipalities. This may raise concerns about a reverse causality problem. When choosing to belong to an NRP, a municipality self-selects on the basis of unobserved costs and benefits related to the NRP, creating an endogeneity issue. Municipalities inside and outside NRPs cannot be safely compared in a straightforward way. The identification strategy followed here relies on the use of fixedeffects panel data models.
Consider equation [1] .
denotes a measure of urban development (e.g. housing units) at time ∈ {1, … , } in municipality i.
is a dummy variable, taking the value 0 for municipalities outside the NRP (the control group), 0 for municipalities inside the NRP before its creation and 1 for these municipalities after its creation. Thus, the coefficient estimates the effect of belonging to an NRP on . A regression of on yields biased estimates of when the unobserved are correlated with . Making use of the panel structure of the data allows recovering an unbiased estimate of under weak identifying assumptions.
includes , a municipality fixed effect controlling for the municipality fixed (i.e. timeinvariant) characteristics that might affect self-selection such as the presence of fixed amenities (lake, mountains), infrastructure built before the establishment of the NRP, etc… The time fixed-effect, , captures unobserved variations in the economic environment that may affect for all municipalities. For example, it captures variations in interest rates, building costs or national building regulations that may affect urban development in all municipalities. Trend t captures any global time trend in .
Parameter is of primary interest as it reveals the treatment effect of being inside an NRP under 3 identifying assumptions. The first assumption made is that fixed effects correctly capture self-selection (strict exogeneity assumption). Participation is not due to time-varying unobserved changes in municipality characteristics. This assumption is not too strong here because the process of NRP creation and validation by the government is long and the area of the NRP is delimitated well before its creation. Moreover, despite several periods of NRP renewal, the municipality composition of NRPs is remarkably stable over time with very few new entrants or leavers.
The second assumption made is that if the participating municipalities had not chosen to belong to an NRP, they would have evolved like those outside the NRP (common trend assumption). This is a more important assumption here because municipalities inside the NRP are contiguous. It is, thus, possible that there are unobserved shocks affecting particularly this group of municipalities, or those outside of the NRP. That would imply that municipalities within NRPs have different trends than those outside. This assumption can be relaxed with several periods of data like the ones used here.
The final assumption made is that of the absence of spill-over effects of NRPs on neighbouring areas. However, spill-overs may exist due to the functioning of housing markets (see also Quigley and Swoboda, 2007) . Urban development may be higher in municipalities neighbouring an NRP if the NRP effectively controls urban development inside its limits and creates valuable amenities. As a result, the measure of the NRP effect ( ) would be inflated by these spillovers. The interpretation of provided later in the text accounts for this. Moreover, additional robustness tests are taken to deal with spillovers.
Equation [1] can be estimated using Ordinary Least Squares (OLS). To alleviate autocorrelation issues (Papke, 1994) , the first-difference version presented in [2] can be estimated by OLS instead.
where Δ denotes the difference between the value of the variable in period t+1 and its value in period t, e.g.
With several periods, it is possible to relax the common trend assumption by estimating a model with municipality-specific trends (Papke, 1994) . This model is presented in equation [3] . In contrast to equation [1] , the coefficient of the trend variable in equation [3] is allowed to differ between municipalities (note subscript i after parameter γ in equation [3] ),. A closer look at equation [3] reveals that the estimation will indeed lead to individual specific linear trends + . This model can also be estimated in firstdifference as in equation [4] by OLS. The model with individual specific trends is formulated as follows:
Transforming equation [3] in first-differences, the model becomes:
Several checks of the common trend assumption in the data showed that it was violated in the majority of NRPs, as they had different trends before the enforcement of the NRP. 20 The estimates of reported next are thus based on the random growth models described in equation [4] , unless stated otherwise. Following Bertrand et al. (2004) , all reported standard errors are clustered at the observation level (i.e. the municipality or the cluster; see also section 4.3).
To further increase comparability between municipalities inside and outside NRPs, the analysis is limited to municipalities contained within a buffer along the frontier of each NRP. The sensitivity of results to the buffer size is tested against the use of three buffers: 5km, 10km and 20km. By limiting the sample of municipalities to those directly in the vicinity of an NRP border, the likelihood that unobserved shocks may affect both groups similarly is increased. As some NRPs are adjacent, or close to each other (see Figure 2) , observations falling inside the buffer of another NRP are excluded from the analysis. 20 Results available from the authors upon request.
DATA & RESULTS
The approach described above is applied to three datasets. First, census data between 1968 and 2011 on housing units, municipal population and the housing stock by type are used to estimate the long-term effects of NRPs on urban development. In continuation, the short-term effects of NRPs on housing permits are estimated using yearly data for the period 2003-2012. Finally, the impact of NRPs on the probability to convert undeveloped land plots to urban fabric is analysed using geospatial data for the period 1990-2006. Small adjustments made to the methodology presented in the preceding section to deal with these finescale data are described in section 4.3.
Long-term effects of NRPs on urban development
The empirical model is first applied to National Census data, whose periodicity allows to estimate the effects of a wide range of NRPs on urban development; from the early creation of the Armorique NRP in 1969 to the more recent Ardennes NRP in 2011 21 . The INSEE (French National Institute of Statistics and Economic Studies) Census data provides the number of housing units and inhabitants at the municipality level on regular intervals over the period 1968-2011. Different types of housing units are provided in the database. Principal housing corresponds to housing occupied by a household on a regular and daily basis. Holiday housing designates both occasional occupancy and touristic use. Finally, vacant housing is defined as any type of unoccupied housing (other than touristic). Figure 3 represents the variation in the number of total housing units in each French municipality between 1975 and 2011. Housing units have mainly increased along the Atlantic coast, in the south-eastern part of France and on the edge of major French cities. NRPs seem to be characterised by a lower increase in total housing units. However, some of them are located close to dynamic areas. The first set of regressions aims at comparing municipalities within the jurisdiction of NRPs with a control group including neighbouring municipalities outside of the regulated area.
The effects of being inside an NRP are measured in terms of demographics and quantity of housing units. Table 1 reports the estimates of from equation [4] for all 44 NRPs created between 1969 and 2011, with different buffers and for each housing type. As expected, results vary considerably across NRPs. Twelve of the 44 NRPs show no significant variation of population or housing units of any type due to the implementation of environmental zoning, meaning that demographic and urbanisation patterns have not been significantly different for municipalities within and outside the NRP. All other NRPs present significant effects following different trends. This highlights the antagonism of two distinct economic mechanisms. First, the implementation of the NRP may induce a positive effect in terms of urbanisation. This can be explained by the provision of additional environmental amenities which are valued positively by households when making their residential location choice. This amenity effect is reinforced by the expectation that the natural area will be protected in the long term; hence the natural environment will be maintained. Furthermore, the cultural aspect is not to be neglected, as households may identify themselves as part of a culturally and historically important area. Hence, the positive effect of NRPs on urban development mainly stems from increased demand for residential lots. However, this mechanism may be compensated by a negative effect of the implementation of the NRP on urbanisation patterns, due to legal constraints specified in the park's convention, specific contract agreements or unsteady protection inducing uncertainty in developers' expectations. This negative effect is often consistent with the environmental issues addressed by NRPs.
Indeed, many NRPs show a significant negative effect on housing units, implying that the implementation of the environmental zoning jurisdiction has significantly decreased the number of housing units -and sometimes inhabitants -within the area, compared to the neighbouring control group. This has particularly been the While having a negative effect on total housing units and population, some NRPs simultaneously have a positive effect on holiday housing units. This highlights the importance of NRPs in territorial attractiveness through tourism and landscape and leisure externalities. Even though the number of principal housing units and inhabitants decreases, the number of holiday and occasional housing units is significantly higher after the implementation of the NRP. This is clearly the case for the Monts d'Ardèche and Armorique NRPs, both of them characterised by strong tourism dynamics. Note that the Avesnois, Vosges du Nord and Lubéron NRPs also exhibit a positive effect on holiday housing units, without, however, significant effects on other variables.
The territorial attractiveness induced by the implementation of the Natural Park can also go beyond the touristic aspect, and encourage households to reside within the NRP. A significant positive effect of the environmental zoning on population and/or housing units is observed for the Alpilles, Périgord-Limousin, Haut-Jura, Grands-Causses and Causses du Quercy NRPs. It is interesting to note that in Vexin Français and Gâtinais Français NRPs, a significant positive effect of the zoning policy on the population is accompanied by a negative effect on the number of unoccupied housing units, which may be due to the attractiveness of the area, combined with its proximity to central Paris. -40.88 -43.53 -20.65 -0.48 8.46 3.69 -34.45 -47.32 -27.39 -7.07 -17.86 -11.75 (32.97 -4.12 -4.43 -4.54 19.04 11.84 27.55 -15.89 -10.89 -14.99 -87.77 -58.67 -23.17 -93.62 -64.79 -23.06 21.89 6.53 6.38 -102.98 -62.01 -26.73 -10.59 -5.97 -4.42 (58. 
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CHARTREUSE
Short-term effects of NRPs on housing flows and housing composition
To assess the effects of NRPs on housing flows, annual data on building permits at the municipality level from the French Ministry of Housing (MLETR) are used. These data cover the period 2003-2012 and distinguish between 4 types of housing: individual houses, grouped housing, collective housing and residences. Permits for individual houses are provided to a particular household. Grouped housing refers to developments involving several individual houses raised in a given land plot. Collective housing permits concern the construction of multi-family housing, i.e. buildings with several lodgings. Finally, residences are buildings with collective services targeted to specific groups such as students, elderly people, tourists, etc.
This section provides estimates of the effects of NRPs on the number of building permits granted (in total and by type of housing) within the regulated area. These estimates are labelled "short-term" in the sense that they measure the effect of the NRP during the first years of the NRP, before any NRP renewal. By estimating separate regressions for each NRP and each housing type, it is also possible to see if, in some NRPs, the environmental zoning changes housing composition towards denser and more collective housing, as suggested by the NRP conventions. Table 2 reports the estimates of from equation [4] for these NRPs, 22 for different buffers and housing types. Appendix D presents the average housing flows for municipalities inside and outside these NRPs.
First, most of the estimates are statistically insignificant indicating that NRPs generally have no effects on housing flows in total or by housing type. While the lack of any effect for the Ardennes and Préalpes d'Azur RNPs could be attributed to the fact that they were created later, this is not the case for the Pyrénées Catalanes NRP. However, in that case there is only one period of observation before the creation of the NRP. The estimates for the Alpilles and Pyrénées Ariégeoises NRPs confirm this result. Neither in Les Alpilles nor in the Pyrénées Ariégeoises did the creation of the NRP affect total housing permits. In Les Alpilles however, the creation of the NRP appear to have slowed the development of grouped housing by roughly 10 units per year. This effect is weak though, since it is not significant when considering other buffers. The only consistent effect is found in the Pyrénées Ariègeoises where the creation of the NRP has slowed down the granting of housing permits by one unit per year, which represents a 50% decrease for the average municipality inside this NRP.
Overall, NRPs seem to have little measurable short-term impacts on urban development. No significant variation in housing permits inside NRPs has been found. Although all NRPs included in the analysis are engaged, through their convention, to contain and restrain urban development, neither the total supply of permits nor their composition by type of housing are consistently affected by NRPs. In particular, no shift towards denser housing (i.e. from individual and grouped housing towards more collective housing) seems to have occurred. The authors believe that potential spill-overs are limited here due to two elements. First, the time period under scrutiny (the first few years after NRPs creation) is short and the displacement of housing may be limited over that time-span. Second, parameters are consistent across the examined buffers.
Effects of NRPs on plots development 23
All NRPs have an objective of limiting urban development, in particular to protect agricultural activities and forestry and to avoid the development of impervious areas. In these areas, these activities contribute to natural and cultural heritage. The analyses conducted thus far are aggregated at the municipality level. The analysis presented in this section makes use of fine-resolution land-use data available in Corine Land Cover. Corine Land Cover is a European geographical information system, detailing land-use in 44 categories on a 25m×25m raster with a classification precision of 5 hectares (CGDD, 2009 The approach used to identify the impact of NRPs on plot development is similar to the one used by Dempsey and Plantinga (2013) . The authors create blocks (5km×5km) around the NRP borders created between 1990 and 2006 as illustrated in Figure 4 for the Grands Causses NRP. 23 Plots are not to be conceived here as cadastral land plots, but as pixels identified on the Corine Land Cover grid. As illustrated in Figure 4 , blocks located within a 10km buffer of any other NRP are discarded.
25
Each block is centred on the NRP border and thus contains approximately half pixels inside and half outside the NRP. For each plot i in block c and time ∈ {1990,2000,2006} is a dummy taking the value of 1 if the plot is developed and the value of zero otherwise. To assess the impact of the NRP on plot development, the linear probability model 26 in equation [5] is estimated:
25 Overlapping blocks are also discarded when the overlap exceeds 30%. Designing exactly contiguous and nonoverlapping blocks has no impact on the results presented. 26 As noted by Wooldridge (2010, p. 564) , for example, the linear probability model is a good substitute to a logit or probit approach when the model is saturated (as in this case) due to its ease of interpretation.
where is a block-specific fixed-effect, a time fixed-effect, a block-year fixed-effect and a dummy taking value 1 for plots inside the NRP at time t and 0 otherwise. The effect of the NRP is given by . Variable captures all block-specific and time-invariant unobservable elements affecting plots development such as the proximity to a city, an industrial area or a major road. Implicitly, it is assumed that all plots within a block are affected similarly by these unobserved factors, a reasonable assumption because the blocks are of small size.
27 Time fixed-effects, , are defined as in equations [1] to [4] . Block-year fixed-effects capture all time-varying unobservable factors affecting identically the plots within each block. By allowing block-specific trends, the model controls for local changes affecting plot development within each block, like for example, the creation of a new road or a commercial centre.
As in the previous models, unbiased identification of requires several assumptions. First, the model assumes strict exogeneity. After controlling for block-specific fixed-effects, there are no unobservable factors affecting the probability of being inside or outside the NRP. The model also makes a common trend assumption at the block level. It is assumed that each plot inside the NRP would evolve like any plot outside the NRP within this block. Because within each block there are approximately 28 40,000 plots, no plot-specific fixed-effects are added in the model. However, as in Dempsey and Plantinga (2013) , plot-level controls are added to the model. This specification can be formulated as follows.
Vector contains the slope and squared slope of the plots measured from the numeric terrain model 29 provided by the French National Institute of Geography. This numeric terrain model is a 25m×25m raster with altimetry precision of less than 5m. It also contains the initial land-use in 1990 as described by the 44 categories of the Corine Land Cover nomenclature. Parameters in vector δ are to be estimated. Table 3 Amongst the 15 NRPs considered, most estimated coefficients are negative. However, they are only significant for 4 NRPs: Vexin Français, Perche, Oise-Pays-de-France and Millevaches-enLimousin . The magnitude of the estimated coefficients is similar between the two specifications. The estimated coefficients directly read as the effect of the NRP on plots development probabilities. For Vexin Français, plots inside the NRP are 1.1% less probable to be developed on the observed periods than plots outside. For Oise-Pays-de-France, this amounts to 1.4%. For the Millevaches-en-Limousin and Perche RNPs, the effect is statistically significant, but very modest, below 0.2%. Dempsey and Plantinga (2013) find a significant negative effect of urban growth boundaries (UGBs) in Oregon in 12 out of 17 cases (cities) analysed. The magnitude of this policy instrument (i.e. UGB) on the probability of development of a plot is in the range of 2.6% to 31.2%. Considering that UGBs are directly targeted towards containing urban development, it is not surprising to see that NRPs, which are multipurpose and multijurisdictional, have significantly lower effects than UGBs. 27 The estimations have been done with several blocks sizes (1km and 2km) yielding to similar results. 28 All undevelopable plots classified as water bodies (lake, rivers, flooded areas, seas and oceans) in Corine Land Cover are excluded from the analysis. Hence, the number of plots within each block is always lower than 40,000.
29 BD Alti (Institut National de Géographie). 
DISCUSSION AND CONCLUDING REMARKS
Environmental zoning is used to protect natural and ecological heritage from different human and natural pressures. In an urbanising world, environmental zoning is more and more frequently used to limit the negative environmental impacts of urban development. However, the impacts of zoning may be complex and sometimes contradictory. First, environmental zoning that adds costs, or eventually puts limits to development, may increase the social cost of housing provision. Although this may be effective in controlling urban development, it may strongly increase prices. By protecting the environment, environmental zoning creates amenities which increase demand, attract development and push housing prices up. They may also have side-effects by contributing to urban development in neighbouring, unregulated, areas. Natural Regional Parks (NRPs) created in the late 1960s in France are particularly interesting in this regard, as they are multi-purpose and multi-jurisdictional environmental zoning instruments.
The results of the analysis reveal that NRPs have limited impacts on long-term urban development as measured by growth in housing units or population. Similarly, their short-term effects on building permits are not significant and no empirical evidence is found that NRPs would direct growth towards denser housing structure within the regulated areas. Finally, no substantial effect is found on plot development which suggests that NRPs have generally been unsuccessful in preventing the conversion of undeveloped land to urban area. Beyond the French case, it is a recurrent finding in the literature that environmental zoning and urban growth management measures have ambiguous effects. The results presented in this paper are thus in line with the findings of earlier literature. However, the model could be improved in several ways. In its current form, the model relies on the assumption that there are no spill-over effects. The reason for making this assumption is that trying to take spill-over effects into account in this particular case, could lead to under-or over-estimated results, depending on the type of effects. As the majority of the results found in this study are statistically insignificant, the authors think that this is not a crucial assumption. It should nevertheless be checked by using a second different control group that would not have been affected by NRPs' spill-overs.
Despite the variability of results, this work raises several questions regarding the design of environmental zoning policies and the characteristics that may influence the extent of effects on urban development. First, the specificities of natural parks' conventions may vary depending on local issues, partly explaining the heterogeneity of results. The authors suspect that the semantics used in the convention play an important role when defining the goals and strategic issues of the targeted territory. The frequent co-existence of environmental protection goals and the ambition of cultural and/or touristic dynamics may send out confusing political signals. Policymakers should therefore ensure that these goals are clarified. The case of the Marais Poitevin NRP, which was declassified in 1996 for failing in achieving its wetlands protection goals, is certainly a relevant example, being a major French touristic site. A specific analysis of NRP conventions to classify their ambitions regarding their several dimensions would help to explain the variability in results. It would also help to identify failure and success factors in the design of these conventions.
The diversity of social, economic and environmental issues within a regulated area also raises the question of governance and respective local roles. The results of this study suggest that the more complex the territory is, the more uncertain the effects are. For instance, significant estimates of the effects of an NRP on total number of housing units seem more likely to be negative for smaller NRPs, and when only one region is involved. Furthermore, NRPs with significant effects on total housing units are also those for which at least 80% of municipalities are fully comprised in the regulated area, as opposed to partial zoning of the municipality's surface (see Appendix F for results estimates depending on NRPs' characteristics). Ensuring an efficient governance and communication between the various local stakeholders may therefore be key to higher resilience within these territories and the accomplishment of defined goals.
In terms of design, Natural Regional Parks share a lot with Marine Protected Areas (MPAs). Under the IUCN classification most of them fall within categories IV to VI. (UNEP-WCMC, 2008; Day et al., 2012) and are designed to pursue both ecological and human objectives. 30 It has been largely acknowledged that MPAs have highly heterogeneous fates. In a survey of more than 1,300 MPAs worldwide, Kelleher et al. (1995) show that less than a third of MPAs disclose achieving their management objectives. The abundant literature on MPAs and collective-action for conservation in general, especially regarding their environmental and economic efficiency, yields ideas on what should be improved in NRPs to enable them reach their goals. First, as noted by Sanchirico et al. (2002) , MPAs design should mirror each policy goal with a specific tool. This proposal echoes Tinbergen's rule for macroeconomic policy (Tinbergen, 1952) . For NRPs, in general, the set of objectives is rather broadly defined and the actions to be taken are not very precise. Although NRPs 30 See http://www.protectplanetocean.org/collections/introduction/introbox/mpas/introduction-item.html. may lack enforcement power, defining such goals and tools should certainly bring in more coherence and help NRPs achieve their complex goals.
A wide stream of this literature emphasises the key role of institutions in the efficiency of collective action. Ostrom (2002) synthesises the institutional key factors leading to the success of selfgoverning associations, such as MPAs or NRPs, to 7 points. 31 These points relate to: (i) well-defined boundaries, (ii) congruence (i.e. costs borne by individuals are related to their benefits), (iii) collective-choice arrangement (i.e. stakeholders can influence the rules), (iv) liability of those who monitor and enforce rules, (v) a system of graduated sanctions, (vi) a conflict-resolution mechanism and (vii) autonomy (i.e. the ability of stakeholders to design their own institutions). Ostrom (2005) underlines that the effects of the size of the protected area and the heterogeneity of appropriators on the outcomes of the protected area are unclear. There is a need to evaluate NRPs on these important elements to know how they could be improved. Evaluation guidelines have been developed for MPAs (Pomeroy et al., 2005; Leverington et al., 2008) and could probably inspire an evaluation methodology for NRPs.
Finally, the obvious spatial dimension of environmental zoning exposes it to possible conflicts with other local policies. As mentioned earlier, stated goals of a natural park may be conflictual to specific stakeholders' interests, but they may also be contradictory or at least mitigated by other policies such as local urban planning instruments or other environmental measures. In this case, NRPs for which more than half of the surface is also subject to Natura 2000 regulation, do not exhibit significant results (see Appendix F). The multiplication and superposition of environmental and land regulation measures, in addition to the natural park itself, may actually hide its benefits. In 1993, the Law on Landscape Protection established the enforceability of NRP conventions with priority over local regulatory zoning. However, as noted by Jegouzo (2014) there were a number of legal holes that perhaps made this law less effective than desired. For example, an NRP convention was not given priority over local collectively decided regulatory zoning. The legislator was well aware of those issues and tried to improve the position of NRPs as urban containment devices. In 2014, the Law for Access to Housing and a Renewed Urbanism (ALUR Law) marked a profound change. It made collective regulatory zoning mandatory and established a coherence principle which stated that they should comply with existing pertinent zoning such as NRPs. It will be interesting to measure, in the future, the impact of this change. 
APPENDIX F. FIRST-DIFFERENCE PANEL DATA ESTIMATES OF TOTAL HOUSING UNITS DEPENDING ON A SELECTION OF NRPS' CHARACTERISTICS
